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REWRITTEN MARKED UP COPY 

16. (Amended) A image display apparatus according to either one of claims 12 to +5 .14, 

wherein said display unit, said DA converter and the gate line shift register are arranged on the 
same substrate, the shape of said display unit is rectangular, and the first DA converter and the 
second DA converter of said DA converters are arranged in the top and bottom of said display 
unit. 

1 8. (Amended) A image display apparatus according to cither one of claims claim 1 5 to 
wherein said mode switch instruction has a first mode for carrying out the conversion 

processing by said first DA converter and a second mode for carrying out the conversion 
processing by said second DA converter, and wherein said memory with small capacity 
corresponds to said first DA converter, and the memory with large capacity corresponds to said 
second DA converter. 

1 9. (Amended) A image display apparatus according to either one of claims 1 3 to 18 and 
14 . wherein said display unit changes the number of the independent display pixels of said 
display unit according to the instruction from said control, and displays according to said analog 
image signal. 

20. (Amended) A image display apparatus according to cither any one of claims 1 2 to +9 
14 . wherein said first DA converter outputs an analog image signal with binary gradation. 

2 1 . (Amended) A image display apparatus according to either any one of claims 1 2 to -26 
14 . further comprising an illumination means for supplying light to said display unit, 
wherein the illumination means supplies light to said display unit in said second mode. 
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IN THE ABSTRACT : 
ABSTRACT 

A An image display apparatus having a display unit composed of a plurality of pixels and 
a control unit for controlling the display unit, the The image display apparatus further includes 
a DA converter for converting the digital display data into an analog image signal, wherein the 
DA converter is composed of a first DA converter and a second DA converter, the Pow er power 
consumption when the first DA converter is operated being smaller than that when the second 
DA converter is operated , wh e rein the DA conv e rt er o p er at e s e i t h er . Either of the first DA 
converter and or the second DA converter are operated according to the an instruction from the 
control unit, and ou t pu t s the converted analog image signal is outputted to the display unitrand 
wherein th e . The display unit changes the number of the independent display pixels of said 
display unit according to the instruction from the control; unit and displays an image according 
to the analog image signal. 
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BACKGROUND OF THE INVENTION 

[0001] 

The present invention relates to a liquid crystal image display 
apparatus which can displa^(the)image[aT^low power consumption. 



[0002] 



Hereafter, [the prior art is^explained with reference to FIG. 23Qsca^-*A 



[0003] 




(Fig. 23^ shows the configuration of fthS^conventional TFT liquid 
:rystal display apparatus. A*^ 1 ^^ 



^flgJisplay pixel 200(whichjhasjjiquid crystal capacity 201 and^pixel 
switch 202yj£s)arranged^ike) thej^matrix. The gate of/\pixel switch 202 is . 
connected to gate line shift register 204 througlugate line 203. Moreover,^ 
15 one end of pixel switch 202 is connected to^the DA converters 206A, 

<• A 

206B througfysignal line 205. |Theyline memory 207A, 207B is connected 
to(theyDA converter 206A, 206B, and the display datajinput line209A, 
209B[anaithe shift register 208A,jB(are t ;inpuf}to the line memory 207A, 
207B. Each of the above-mentioned circuit parts is formed on the same 

20 substrate by using polysilicon TFT. 

Although the^pixel drive circuit composed of^DA converter 206, j\ 
line memory 207 andAshift register 208tas shown in the -pigurevhas been 
provided^Tn the toj^ andyjbottom oFjthe pixel^artTjfor instance,^signal line 
205 of (the^odd number row is connected to an upper driving circuit and 

25 signal line 205 of ^thl^even number row is connected to a lower driving 



circuit. 

[ 00043 ^-nwJUU 

Next, the operation of the^nventionaT^apparatusjlsj^explained. 

... The digital display data^input A through the display data input lines 

5 209A, 209B^is written in the line^emory)207A, 207B one by one by the 

shift registers 208A, 208B. Next, the display data stored in the line 

memories 207A, 207B is input to the DA converters 206A, 206B in 

parallel. The DA converters 206A, 206B output this data on signal lines 

A 

205 as a voltage of an analog image signal. At this time, when pixel 
10 switch 202 of a fixed display pixel line^ selected by gate line shift 
register 204 turns on, the voltage of an analog image signal is written in 
the capacity 201 of the liquid crystal of the selected display pixels. This 
TFT liquid crystal panel displays the image based on the input display 
data according to the operation described above. Signal line 205 of the 
15 odd number row is connected to an upper driving circuit, and signal line 
205 of the even number row is connected to a lower driving circuit^as 
described above. Therefore, the upper and lower driving circuits are 
synchronously driven, and the display of one screen is allotted to the 
upper and lower driving circuits. 
20 Here, because the upper and lower circuitsj^lays the role^to drive 

(th^pixel under the same condition, both^jhas) basically the same circuit 
structure(J. 

^{For instanceT^this [prior artj^is described in detail in ISSCC 
25 (International Solid-State Circuits Conference) 2000, Digest of technical 
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papers, pp. 188-189. 
[0006] 

The demandfof thejjjnstallation of a high-definition image display 
panel which uses £he the^number of pixels^Qhore than] that of QCIF 
\ (Quarter common intermediate format 144 X 176 pixels) and CIF (288 X 
352 pixels) for£he)jportable information device along wjth the practical 
use of IMT-2000(International Mobile Telecommunications 2000) 
/.(Increases). There isja demanc^[of lightening] of (importable information 

device by {HghteningWhe secondary cell in one side. The demand (of)^ 
y^iaking) image display unit ^a low power consumption also has 
strengthened day by day at the same time. 

On the other hand, it^vvas essentially) difficult to realize [making} 
\th^display lmage^high definition and(making it) low power consumption 
at the same time by using the above-mentionedjgirior artj. The reason is 

15 that the operation frequency of the liquid crystal panel increases and 

°\ 

power consumption increases inevitably if(th£)tfiigh definition (of) display 
image is^erformec^b^the improvement of) the number of pixels. 

[0007] 

20 SUMMARY OF THE INVENTION 

An object of the present invention is to provide (ajjimage display 
apparatus^(with the)low power consumption. 

Another object of the present invention is to provide [a^image 
display apparatus in which (the^low power consumption 'and i a 
25 high-definition image^(conkist with each othelj. 



[0009] 

According to one aspect of the present invention, Qi^image display 
apparatus^ has the following configuration. That is, the image display 
apparatus has a display unit composed of a plurality of pixels and a 
control unit for controlling the display unit. It further includes a DA 
converter for converting {The) digital display data into an analog image 
signal, wherein said DA converter is composed of a first DA converter 
and a second DA converter, the power consumption when said first DA 

operated being smaller than that when said second DA i 



converter is 



10 converter is operated£_wherein said DA converter operates) either of said 

first DA converter and said second DA converter J according to {the)^*^ 
instruction from said control unit, and ^outputs] the converted analog 
image signalgg] j^said display unit, ^andjwherein said display unit changes 
the number of the independent display pixels of said display unit^ 

15 according to the instruction from said controj, and (Sisplays^ccoraing to 
said analog image signal. 
[0010] 

According to another aspect of the present invention, [a)/amage 
display apparatus^ has the following configuration. That is, the image 
20 display apparatus has a display unit composed of plural pixels and a 
control unit for controlling the display unit. She image display apparatus 
further includes a DA converter for converting digital display data into 
an analog image signal, wherein said DA converter includes a first DA 



25 



converter and a second DA converter, and wherein said first DA 
converter and said second DA converter each convert thej^jlnput signaTj 



into an analog image signal withidifferent number of bit^ respectively. 

* A 

[0011] 

According to a further aspect of the present invention, Qfjjlimage 
display apparatus^has the following configuration. That is, the image 
5 display apparatus has a display unit composed of plural pixels^ and a 
control unit for controlling the display unit. The image display apparatus 
further includes a DA converter for converting digital display data into 
an analog image signal, wherein said DA converter includes a first DA 
converter and a second DA converter, and wherein said first DA » 
10 converter and said second DA converter each convert the (input signaTJ A 
into an analog image signal withidifferent frame frequency, respectively. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1^ shows the configuration of the liquid crystal display 
15 apparatus according to a first embodiment of the present invention. 

FIG. 2/shows the circuit structure of the frame memory in the 
first embodiment. fl * - i 

FIG. 3 ^ shows the buffer in the first embodiment or the 
configuration of the latch circuit. ^ . 
20 FIG. 4^shows the circuit structure of the SRAM memory cell in 



the first embodiment. 

Oft 



iment. _ , -4- 



FIC^ 5j<(shows thej^memory cell operation timing [charT^in the first 
embodiment. , . 

FIG. 6^shows the circuit structure o^DA converter base unit in 
25 the first embodiment. 



FIG. 7^shows the circuit structure |from(jthe analog signal line in 
the first embodiment to the display pixel matrix. 

FIG. 8j^shows the circuit structure of the gate line shift register in 
the first embodiment. 
5 FIG. 9^shows the outline of the layout of the display pixel in the 

first embodiment. . r> . i 

FIG. lO^shows the circuit structure of the line memory in the first 
embodiment. . ... 

FIG. ll^shows the circuit structure of a base unit of the highly 
10 accurate DA converter in the first embodiment. 

FIG.12^shows thej^operation timing chart of the highly accurate 
DA converter in the first embodiment. 

FIG. 13^shows the circuit structure of the frame memory used for 
"Low power consumption display mode" in a second embodiment. 
15 FIG. 14^shows the circuit structure of the SRAM memory cell in 

the second embodiment. * . , . t -+-- 

FIGfe 15^(shows the} memory cell operation timing (chartUin the 
second embodiment. , . 

Fig. 16^shows the outline of the layout of the display pixel in a 
20 third embodiment. ^ . , 

Fig. 17j^Thows the section between the)display pixel/^A-A 1 in(the^ 
(third embodiment!. x 

Fig. 18^shows the circuit structure ofkDA converter base unit in a 
fourth embodiment. . * , » 

25 Fig. 19^ shows the configuration of (fhe^liquid crystal display 



apparatus according to a fifth embodiment. 

Fig. 20^ shows the configuration of (the))liquid crystal display 
apparatus according to a sixth embodiment. 

Fig. 21^ shows the configuration of |the)jliquid crystal display 
5 apparatus according to a seventh embodiment. 

Fig. 22^shows the configuration of the image display terminal 
according to an eighth embodiment. 

Fig. 23^shows the configuration of jthejjconventional liquid crystal 
display apparatus » 
10 Fig. 24j^shows the pixel configuration of^ image display unit 

according to a ninth embodiment. 



[0012] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 The present invention(ls)pxplained(by usin^ the following embodiments. 
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(First Embodiment) 

A first embodiment of the present invention [ls)jexplained with 
reference to FIG.1-Fig.12. 

^The ^vhole^jponfiguration of this embodiment's explaine<fjfirst. 
[0014] 

FIG.l shows the configuration of the polysilicon TFT liquid 
crystal display apparatus according to this embodiment. 
[0015] 



25 



Display unit 50 is composed of^display pixelslO arrange^^ikej the^^^^^ ^ 
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matrix. ^ThisVldisplay pixel 10 has jthejjjiquid crystal capacity 1 andjpixel 
switch 2. The gate of; pixel switch 2 is connected to gate line shift 
register 4 throughigate line 3. Une end of /pixel switch 2 is connected to^ 
low power consumption DA converter 6 and ft highly accurate DA 
5 converter 11 throughj^signal line 5. Frame memory 7jComposed ofySRAM^ 
is connected to the input of low power consumption DA converter 6. The 
frame memory 7 is also connected to timing controller (TCON) 14. 
Because TCON 14 controls the display unit, it is also called a panel 
controller. The output offline memory 12 is connected to the input of 

10 highly accurate DA converter 11. The input of line memory 12 is 
connected to TCON 14. TCON 14 is connected to one end ofybus 18 and/, 
frame memory 13 (.composed of/DRAM. Mainly, main processing unit 
(MPU) 15, I/O circuit (I/O) 16, etc. are connected to the bus 18. The I/O 
16 controls back light unit 17. TCON14, MPUlfQand I/O 16 formal A 

15 control unit 20. Bus 18 may be included in this control unit 20. The 
components, namely, display pixel 10, gate line shift register 4, low 
power consumption DA converter 6, frame memory7, highly accurate DA 
converter 11, and line memory 12, etc. are formed on a single glass 
substrate 19 by using polysilicon TFT. A control timing signal from 

20 TCON 14 is supplied to those components. On the other hand, TCON 14, 
frame memory 7, MPU 15, and I/O 16, etc. are composed ofysingle 
crystal Si-LSI chip. General structures necessary for constructing^color 
TFT panel, namely, a common electrode of the liquid crystal, a color 
filter, and a back light configuration etc. are omitted from the drawing 

25 forJThe^simplification. 



[0016] 

Next, the(entire^operation of this embodiment will be explained. 
Detailed operation of each part will be described later^ne by one inj the 
explanation of an individual component. 
5 [0017] 

MPU 15 transmits the digital image display data to frame memory 
7 and frame memory 13 through TCON 14. In addition, MPU 15 controls 
the pixel drive circuit of Adisplay unit through TCON 14. This 
embodiment has two display modes [ofj^a low power consumption display 

10 mode and a high-definition display mode. When selecting^ "Low power 
consumption display mode", MPU 15 and TCON 14 write data in the 
panel[^and read the image display data from frame memory 7 to MPU 15 
by entirely using frame memory 7. The image display data written in 
frame memory 7 is read one by on^^nput to low power consumption DA 

15 converter 6. The converted signal or analog image signal is written in the 
capacity 1 of the liquid crystal of ^pixel selected by/gate line shift 
register 4. The highly accurate DA converter 11, line memory 12, DRAM 
or frame memory 13, etc. are not driven [basically atjjthis "Low power 



consumption display mode". Therefore, it is clear that those^equipment 
20 do not consume \the} electric power. At this time, the driven circuitsj^^X 1 -^ 
frame memory 7 and low power consumption DA converter 6, etc.^which 
a parallel output and the DA conversion can be performe cfeach pixel line. 
Accordingly, the liquid crystal display panel can be driven at^low power 
consumption by suppressing the drive frequency to a low level. 
25 [0018] 
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Next, whenj/'high-definition display mode" is selected, MPU 15 
writes data in the panelQand reads the image display data from frame 
memory 13 to MPU 15 by entirely using frame memory 13. The image 
display data written in frame memory 13 is read one by one^and^input to 
highly accurate DA converter 11 through TCON 14 and line memory 12. 
The converted voltage of an analog image signal is .written in the 



capacity 1 of the liquid crystal of pixels selected byjkgate line shift 
register 4. Although low power consumption DA converter 6 is not 
|basically^driven[af)|this "high-definition display mode", the image display 

10 data whenj"Low power consumption display mode" is displayed can be 
saved in frame memory 7. As for frame memory 7, it is not so suitable to 
design the panel image frame (In)) a large capacity for the sake of area 
saving. However, b^ause frame memory 13 is a DRAM-LSI, it is 
possible to make it to^a large capacity comparatively easily. Therefore, 

15 the amount of the pixel data (digital image display data 2) in a 
high-definition display mode becomes remarkably more than the amount 
of the pixel data (digital image display data 1) in the low power 
consumption display modejas^described later. 
[0019] 

20 Here, MPU 15 controls back light unit 17 through bus 18 and I/O 

16. As a rule, a reflection-type liquid crystal display is selected without 
driving the ^a^k light unitfat^he low power consumption display mode. 
. As a result, j^power consumption is decreased. However, a more 
high-quality, transmission-type liquid crystal image is displayed by 

25 driving the back light unit and illuminating the display pixel array from 
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the back thereof (at ^high-definition display mode. Namely, a low power 
consumption display mode which uses low power consumption DA 
converter 6 and a high-definition display mode which uses highly 
accurate DA converter 11 are used properly in this embodiment. It 
5 becomes possible to realize both i of [making the) iportable information 
deviceja super-low power consumption when standing by andj^display ing 
an image including ([he motionMmage with a high-definition at the same 
time, by the proper use^described above. 
[0020] 

CK 

10 These modes can be switched by inputting^ switch instruction 40 

to MPU 15 (of)j£ontrol unit 20v for^&tanc^. This switching operation is 
^^one^by the switch instruction given by the ^instruction of the^user. 



[0021] 



The component and the operation of each part of this embodiment 
15 [ar^sequentially explained JnexJ. 
[0022] 

Hereafter, the configuration and operation of frame memory 7(ar^^^ 
explained with reference to Figs. 2 to 5. 
[0023] 

20 FIG. 2 shows the circuit structure of frame memory 7. The word 

line^22[^s5connected^o)SRAM memory cells21^arrangec^[Hke) the^matrix [InJ 
[a line direction). One end of word, line 22 is connected to/.word line shift 
register 24 or Y decoder 23 through word line selection switch 25. 
Moreover, ^memory cell 21 is connected to/\data line 26 and^inverse data 

25 line 27 in a column direction. Data line reset switch 38 and inverse data 
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line reset switch 39 are provided in data line 26 and inverse data line 27, 



respectively. In addition, data line short-circuit switch 29 is provided 
between them. Inverse data line buffer 28^which operates Jbj^jthe writing 
signal (W in Figure)ys provided in one end of inverse data line 27, and 
5 data line 26 is connected to its input. Data input switch 30 is provided in 
one end of data line 26, and the other end/^data input switch 30 is 
connected to data input line 32. Data input switch 30 is selected by X 
decoder 31. Ifeta input buffer 33<which operatesjby^the writing signal (W 
in Figure)^and data output buffer 34jwhich operates[b^the reading signal 

10 (R in Figure)^are connected to both ends of data input line 32. On the 
other hand, K one. bit memory composed of\ data line latch $35s which 
operatesQ>y))the latch signal (LI in Figure), inverter 36, and/data line 
latch (3)37v^which operates (b^the inverse latch signal (LI bar in Figure)^ 
are arranged on the other the other end of inverse data line 27. 

15 [0024] 

FIG. 3 shows the buffer (Ihown in)/FIG.2 ,that is, the circuit 
structure of latch circuit 41. The buffer, that is, latch circuit 41* is 
composed of (the)^CMOS clock and [thetyinverter. P-channel polysilicon 
TFT 42, 43, and n-channel polysilicon TFT 44, 45 are driven by 
20 complementary signal pulse <f> . Therefore, three kinds of state-outputfo^-v^tX 1 ^^ 
Vdd, Vss which are the output of the inverter, or ^he^output-openCK® are 
given by selecting the signal pulse. 
[0025] 

FIG. 4 shows the circuit structure of SRAM memory cell 21. The 
25 main body of the memory cell is a flip-flop composed of p-channel 
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polysilicon TFT 51, 52, and n-channel polysilicon TFT 53^rand 54. This 
circuit is connected to data line 26 and inverse data line 27 through word 
line switch 55 and inverse word line switch 56^(controlled by/word line 
22. The electric power from high voltage power wire 57 is supplied to 
5 the high voltage side of the flip-flop circuit, and the electric power from 
low voltage power wire 58 is supplied to the low voltage side. 

! 00261 ^ 

Next, the operation of frame memory 7 [1^ explained with 
reference to (FIG.5^Fig.5 (a) and^(b)^are the timing charts showing the 
10 writing ^operation! of data to the memory cell and the reading (operation^ 
from the memory cell, respectively. Here, the upperj^Tpart o^ the: -{Pigure 
^hows^the high voltage output, that is, j\on-state, and the loweij|part o^ the 
-figure [shows^the low voltage output, that is,joff-state. 
[0027] 

15 First of all, in the reading operation, data line reset switch 38 and 

inverse data line reset switch 39 precharees data line 26 and inverse data 
line 27 at^low voltage level andjjhigh voltage level, respectively. Then, 
data line 26 and inverse data line 27 are reset to the middle value 
between the low voltage level and the high voltage level as shown in 

20 ^(Fig ur £)- Next, when word line 22 selected by word line shift register 24 is 
turned on, the data stored in selected memory cell 21 is read to dataj^e 
26 and inverse data line 27 as signal voltages which conflict (tq^each 
other. Then, the data stored in memory cell 21 can be read to^one bit 
memory composed of data line latch /135, inverter 36, and data line latch 

25 |}37 by turning on or turning off data line latch $35 and data line latch 
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036. 

Next, the case where the content of the memory cell is read to bus 
18 through TCON 14 will be explained. At this time, it is similar to the 
case where data is read to^one bit memory, excluding that word line 22 
5 selected by Y decoder 23 is turned on, and that the data of the address 
selected by X decoder 31, among the data read to data line 26, is output 
through data input switch 30, data input line 32, and data output buffer 
34. 
[0028] 

10 Next, in the writing operation, data line reset switch 38 and 

inverse data line reset switch 39 precharges data line 26 and inverse data 
line 27 at the low voltage level and the high voltage level, respectively. 
In the subsequent reset, data line short-circuit switch 29 (makes) 
short-circuit of data line 26 and inverse data line 27, and both \isireset to 



15 the middle value betweenjlow voltage level and the high voltage level, 



respectively. These operations^^simil^^to the reading operation. Next, 
when data input switch 30 selected by^X decoder 31 is turned on, the 
input data input from data input buffer 33 to data input line 32 is input 
to data line 26 and inverse data line 27. Under such a condition, when 

20 word line 22 selected by Y decoder 23 is turned on, the input data input 
to data line 26 and inverse data line 27 is written in memory cell 21 
selected by X decoder 31. At this time, it is clear that the data of 
memory cell 21 not selected by X decoder 31 does not change [b^the 
above-mentioned writing operation. 

25 [0029] 
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Next, the configuration .and the operation of J low power 
consumption DA converter 6£ire)jexplained with reference to FIGs. 6 and 
7. 

[0030] 

5 FIG. 6 shows the structure of the base unit of the circuit which 

corresponds to one column of low power consumption DA converter 6. 
The data output from the frame memory 7 is input to data decoder 61 
every two bits, four output lines 65 n& extend/® fromjidata decoder 61. 
Analog voltage selection switch 62 is provided in each output line 65, 
10 and one end of analog voltage selection switch 62 is connected to 
reference voltage line 63. The other end of analog voltage selection 
switch 62 joins one and forms analog signal line 66. Field inverse signal 
line 64 is separately input to data decoder 61. 
[0031] 

15 FIG. 7 shows the configuration between the above-mentioned 

analog signal line 66 and the display pixel matrix. Although the jstripej 
(filter ofj RGB or 3 color^is provided to the pixel matrix to display in 
colors, colors of the filter are shown as R, G, and B. Analog signal 
line 66 is branched to two lines, which are connected to the adjacent 

20 signal line 5^which has the same color jcolorj filter through low power 
consumption DA output switch 67. 
[0032] 

Next, the operation of low power consumption DA converter 
explained. The data output from the frame memory 7 [snows^the image 
25 data of one unit or two bits. On the other hand, data decoder 61 performs 



16 



the decode-processing to four values from two bits, and turns on either 
of four analog voltage selection switches 62 throughAoutput line 65. As a 
result, the voltage of reference voltage line 63^selected is applied to 
analog signal line 66. In this embodiment, to decrease the number of 

5 reference voltage line§63, the common electrode of the liquid crystal is 

A. 

driven by alternating current 0/5V between fields. At this time, the 
output of data decoder 61 should be reversed, for instance, with 4V /IV 
between the field [eyeii^the same* black. Data decoder 61 uses field 
inverse signal line 64 to obtain the polarity information on a liquid 
10 crystal common electrode when decoding. 
[0033] 



[Well^Only half of the number of columns of the display pixel^is 

provided as for the number of analog signal lines66. 4^ y^^y^J ^ ^~^> 

^^J^ A J** a**~^ n 

^(Then^analog signal line 66 is branched to two lines^on the waj. The 

15 voltage of reference voltage line 63 previously selected is equally input 
to two adjacent signal lines 5, which have the same color filter, through 
low power consumption DA output switch 67^turned on only^[af)the low 
power consumption display mode. The reduction in the occupation area 
in frame memory 7 arranged in the image frame of the liquid crystal 

20 display panel and the decrease of power consumption are achieved in this 

embodiment by making the number of pixel data in the column direction ^ 
stored in frame memory 7^halve# of the number of columirof the display 
pixej^. 
[0034] 

25 Next, the configuration and the operation of gate line shift 
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register 4 jare^explained with reference to FIG.£[.J^ i/^*-<A 
[0035] 

^FIG.8}shows the circuit structure of gate line shift register 4. The 
outputs of shift register circuit 70 for scanning the gate line one by one 
5 are input tovOR circuit 71 every two outputs, and the output of OR 
circuit 71 is branched and connected to gate line 3 througty|>air)scanning 
switch 72. Moreover, sequential scanning switch 73^which connects the 
output of shift register circuit 70 directly to gate line 3. is provided 
^besides thenj). 
10 [0036] 

Shift register circuit 70 selects^th^ outputsone by one. However, the gate 

lines adjacent in the top and bottom are scanned simultaneously every 

two lines, because Jpairjj\scanning switch 72 is in an on-state and 

sequential scanning switch 73 is in an off-state, in the low power 

15 consumption display mode. 

In this embodiment, the number of pixel data in a line direction stored in 

frame memory ^(Tsymad^the^half of the number of lines of the display 

pixel^by writing the same analog signal voltage to the adjoining display 

pixel of two lines. As a result, £h^Jreduction in the occupation area and 
r ^ 

20 (thej^decrease of the power consumption in frame memory 7 are realized. 
[0037] 

Next, the configuration and the operation of display pixel 10[irel uA^^ 
explained with reference to FIG.(§^)i^^X 
[0038] 

25 ^(FIG.§)is a layout schematic diagram of display pixel 10. Signal 
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line 5 is provided in a column direction, and gate line 3 is provided in a 
line direction. Pixel switch 2 using polysilicon thin film 76 is provided 
in the neighborhood of the intersection of the signal line and the gate 
line. Moreover, the electrode for the formation of the capacity of the 
5 liquid crystal composed of metal electrode 75 and the transparent 
electrode (not shown for the simplification) is formed in one end of pixel 
switch 2. The configuration shown in the square is an electric contact 
here. 
[0039] 

10 When gate line 3 is selected, the voltage applied to signal line 5 

is written in the capacity 1 of the liquid crystal, and an optical 
characteristic of the liquid crystal is modulated, (and)ythe image is 
displayed. When back light 17 is lit, the light from the back light (Is) 
penetrate^ the liquid crystal layer through the oarj where metal electrode 

15 75 is missing. The image is displayed in this case^as a transmission-type 
liquid crystal display panel. On the other hand, the incident light from 
the upper side of the screen can be reflected by metal electrode 75 when^ 
back light 17 is not lit (eitheij, and the liquid crystal layer jTs penetrate^j*<*>s*^ 
the reflected light in a similar way. Therefore, the image is displayed^ 

20 also as a reflection-type liquid crystal displav panel in this embodiment. 
Although back light 17 is required(not) to bejlit basically when the low 
power consumption display mode is selected, the reflection-type image 
display can be performed at the same time by adopting the configuration 
of such display pixel lOjf in this embodiment. 

25 [0040] 
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Next, the configuration and the operation of line memory 12(are)j 
explained with reference to FIG.1<^^ t*A**-A 
[0041] 

C^IG.IO] shows the circuit structure corresponding to three 
5 columns of line memory 12. Data input line 79 (outputjjfrom the frame 
memory 13 [Is input) to the first latch circuit composed of data line latch 
§82, inverter 83, and data line latch 084. The output of the first latch 
circuit is connected to data line 88 through (the)jsecond latch circuit 
composed of data line latch $85^which operates(bj^the latch signal (L2 in 
10 Figure), inverter 86, and data line latch $87^ which operates [by) ^the 
inverse latch signal (L2 bar in Figure). The first latch circuit is 
controlled by shift register circuit 80 and inverter 81 connected thereto. 
[0042] 

The digital display data is input from (fram^memory 13 through 
15 TCON 14 to data input line 79 one by one. In synchronization with this, 
shift register circuit 80 samples the input digital element data and outputs 
(themjto a first latch circuit composed of data line latch {£82, inverter 83, 
and data line latch /)84. The second latch circuit composed of data line 
latch #85, inverter 86, and data line latch (/87 is driven when/data input 
20 for one line is completed, and the data corresponding to one line stored 
in the group of the first latch circuits is memorized. Thenyhe first latch 
circuit begins to sample the following digital display data. The second 
latch circuit keeps outputting the digital display data latched to data line 
88 during this period of time. To simplify the drawing, only the circuit 
25 which corresponds to one bit is shown in the Figure, though the digital 
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display (data output from the frame memory 13 is composed of 6 bits in 
this embodiment. 
[0043] 

Next, the configuration and the operation of highly accurate DA 
5 converter ll[ar ^explained with reference to FIG. 11, FIG. 12, and FIG. 7. 
[0044] . 

FIG. 11 shows the circuit structure of one unit of^highly accurate 
DA converter 11. 
[0045] 




10 ^-Data line 88 (output^ from the second above-mentioned latch 

circuit (Ts settled to)^6 bits [and then input^to multiplexer 92. Besides, 64 
reference voltage lines 91 extendi from the ladder resistance 90 (are) 
|n_puJ)to multiplexer 92. ^jj^ 
Multiplexer 92 selects one ^provided beforehand fromj/ 64 reference 

15 voltage lines 91 based on^tdigital data of six bits, and connects this^to j^ 4 ^ 
SW3 95, SW5 96, and SW6 98. The voltages 0V and 5V are applied at 
(Fotff)ends of the ladder resistance, and^each middle^voltages are input to 
64 reference voltage lines 91. The other end of SW3 95 is connected to 
the gate of precharge TFT 100 and one end of threshold cancellation 

20 capacity 99. The other end of SW5 96 is connected to the other end of 
the threshold cancellation capacity 99 and one end of SW4 97. ^Moreoverj 
the other end of SW6 98 is connected to the other end of SW4 97 andjtjt*- 
signal line 101. Moreover, signal line 101 is connected to -5V through 



SW1 93QandAConnected to the source of precharge TFT 100 through SW2 
25 94. High voltagejlOV is applied tojidrain of precharge TFT 100 composed 



21 



of {the^poly silicon. 
[0046] 



Next, the operation of highly accurate DA converter 11 w ^ 



explained with reference to FIG.12yn which the operation timing chart 
5 of highly accurate DA converter 11 is shown. 
[0047] 

First of all, the threshold voltage of precharge TFT 100 is written 
in the threshold cancellation capacity 99 at the beginning of one field. 
The output of multiplexer 92 is fixed to|5V power supply voltage during 

10 this period. SW1 is turned on at the period tl-t2, (and^the voltage of 
signal line 101 is reseat) -5V. Next, SW3 and SW4 are turned on at the 
period t2-t3, and both ends of the threshold cancellation capacity 99 are 
connected. Then, SW1 is turned off at the period t3-t4, and SW2 is 
turned on. As a result, precharge TFT 100 operates as a source follower, 

15 and the voltage of signal line 101 is charged to (5V-Vth). When SW3 
[was^turned off at the period t4-t5 after the charge had been completed, 
the voltage which corresponds to the threshold Vth of precharge TFT 100 
(was^written in the threshold cancellation capacity 99. Next, after SW4 is 
turned off, SW5 is turned on at the period t5-t6. As a result, the voltage 

20 higher by Vth than the output of multiplexer is input to the gate of the 
precharge TFT 100. 
[0048] 

The horizontal scanning period continuously is begun after the 
writing of the above-mentioned threshold voltage is completed. The 
25 digital display data corresponding to one line stored in line memory 19, 
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is digital-to-analog converted and output from multiplexer 92, and then 
is written in the display pixel one by one in each horizontal scanning 
period. First of all, gate line 3 selected by gate line shift register 4 is 
turned on and SW1 is turned on at the period ta-tb, and the voltage of 
5 signal line 101 is reset to -5V. Continuously, SW2 is turned on, and 
precharge TFT 100 is made to operate as a source follower at the period 
tb-tc. As a result, signal line 101 is precharged to the analog signal 
voltage output from multiplexer 92. When SW6 is turned on instead of 
SW2 at period tc-td after this precharge is completed, multiplexer 92 

10 write the analog signal voltage directly in signal line 101. 

fP However, because the signal line 100 is substantially already precharged 
to this analog signal voltage at this time, [and) the data written in signal 
line 101 at the period tc-td is only a fluctuation correction of the voltage^ 
occurred at precharge. Therefore, the electric current output from 

15 multiplexer 92 is[an^extremely small in this embodiment. It is possible to 

^ hi ^ ^ 

design the value ofjlresistor to ^comparatively large (value^ because a 
substantially direct current to ladder resistor 90 for supplying the 
electric current to reference voltage line 91 does not flow. As a result, 
the power consumption which originates in the penetration electric 

20 current of the ladder resistance can be (extremely} adjusted to (The)^small 
value in this embodiment. Vth of precharge TFT 100 is canceled by using 
the threshold cancellation capacity 99 in this embodiment^ as described 
above. The purpose is to (eyadc^charging current corresponding to Vthj* 
flowing to signal line 101 when SW6 is turned on, and the analog signal 

25 voltage is written directly from multiplexer 92 in signal line 101. It 
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becomes possible to set ladder resistance 90 for supplying an electric 
current to reference voltage line 91 to the resistor with larger resistance. 
As a result, the power consumption in the liquid crystal display panel 
can be decreased. 
5 [0049] 

f\Velf^ The top of signal line 101 shown in FIG. 11 is connected to the 
bottom of FIG. 7, that is, j| connected to signal line 5 through highly 
accurate DA output switch 68. This highly accurate DA output switch 68 
and low power consumption DA output switch 67 are turned on or turned 
10 off according to a high-definition display mode and the low power 
consumption display mode, respectively, by selecting (and) either highly 
accurate DA converter 11 or low power consumption DA converter 6. 
[0050] 

Q The number of signal lineslOl and the number of display pixel frames 

\ 

15 are equal to each other^while the number of analog signal lines66 is only 

* oskjlk ^ A 

half the number of [Fhe^columnSof display pixelj^as previously described. 
The reasonjis as follows. That is, although the power consumption and 
the occupation area of frame memory 7 is reduced by supplying the same 
signal data voltage to two adjacent signal lines S^which have the same 
color filter in the low power consumption display mode^ as mentioned 
above, it is required to supply a different signal data voltage to 
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individual signal lines 5 in a high-definition display mode in order to 
realize^{The minuteness} degree/ twice j| "low power consumption display 



mode" in ^columnwise direction. 
25 [0051] 
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In addition, shift register circuit 70 (scanSj directly^ gate line 3 by 



using se 
as described 



quential scanning switch 73 in the high-definition display modes 
previouslyvby usingiFIG.8 in connection with jgate. line shift 
register 4. As a result, ^|Fhe minuteness degree} twice ) "low power 
5 consumption display mode" can be achie^d also in a line direction by 
setting the horizontal sca^ni^^)eriod of jihigh-definition display mode 
(one line period) to be^half jthe low power consumption display mode. 
[0052] 

As a result, jthS^ quadruple resolution can be achieved in the 

10 high-definition display mode^ (comparing] j^with the low power 

consumption mode. The number of pixels in the high-definition display 

mode corresponds toAQCIF (144X176 pixels) format and£he)the nun^ber 

of pixels in the low power consumption display mode conforms topCIF 

(288 X 352 pixels) format in this embodiment. Further, as described 

15 previously, RGB of the image data in the low power consumption display 

modeQstyof two bits, and RGB of the image data in the hQigh-definition 

display mode Qs^of six bits. For this reason, the memory capacity of 

i^Cf 

frame memory 13 composed off^DRAM-LSI is designedj|12 times as 
great© as the memory capacity of frame memory 7 composed of^SRAM 
20 by using polysilicon TFT on^glass substrate 19. 
[0053] 

In this embodiment, display pixel 10, gate line shift register 4, 
low power consumption DA converter 6, frame memory 7, highly 
accurate DA converter 11, and line memory 12, etc. are formed by using 
25 the polysilicon TFT elements on glass substrate 19. It may be possible to 
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use transparent insulating materials^such as quartz substrates and plastic 

substrates^ nstead of the glass substrate. 
[0054] ,i 

It (^^appreciated that the configuration ir^ which /con^^tj^v^tjpe 
5 and the voltage relation between/ n-type and ftp-type TFT is^{rnade) in^<^\ 
opposite way, and other circuit structures can be used within the range of 
the spirit of the present invention. 
[0055] 

The image data in a low power consumption display mode in this 
10 embodiment is composed of 2 bits and the number of pixel data^l44X 
176 pixels, ^the image data in a high-definition display mode is composed 
of 6 bits and the number of pixel data were assumed to be 288X352 
pixels. However, It is needless to say^jto be ablej to change these values 
within the range of the spirit of the present invention. 
15 [0056] 

In addition, it is possible to select a driving method in which the 
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number of (fh8\ framed per one second (frame rate) whenA low power 
consumption display mode is selected is fewer than that in [af 
high-definition display mode. Because the reflection-type liquid crystal 
display mode is applied^ ajid thus the contrast of/ display image is 
" comparatively low^ when ^low power consumption display mode is 
selected, it is very difficult to see flicker even if the frame rate is 
decreased. Even if the frame rate in the high-definition display mode is 
assumed to be 60Hz^for instance, the frame rate in the low power 
25 consumption display mode can be decreased to about 15Hz. As a result, a 
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basic drive frequency when the low power consumption display mode is 
selected is decreased, and it becomes possible to achieve lower power 
consumption. 
[0057] 

5 The scanning function of gate line shift register 4 in the low 

power consumption display mode and the high-definition display mode 

was assumed to be switchable to the function for scanning the adjacent 

gate line in the upper and lower direction every two lineSat the same time 

A 

and the function for scanning individually each gate line by switching 

10 fpaf^scanning switch 72 and sequential scanning switch 73. Needless to 

o\ ^ 
say, (the)Kcircuit structure which has a similar function can be adopted in A 

gate line shift register 4. For instance, when (fhe)jgate lines adjacent in 

the upper and lower direction are scanned at the same time £hree or morij, 

individual shift register circuit 70 can be provided in the low power 

15 consumption display mode. Futher, shift register circuit 70 can be 
provided individually for the low power consumption display mode and 
for a high-definition display mode. In addition, the shift register circuit 
70 provided individually can be arranged on the right and left sides of 
the display pixel matrix without deviatingj\(the range of) the spirit of the 

20 present invention. 
[0058] 

Although the CMOS switch, pixel TFT 12 or n-type TFT switch is 
adopted for various switch group5in this embodiment, it is possible to 
usejotl^er switch conf iguration^ such as a p-type TFT, etc. Moreover, itjis) 
25 also^appreciated that various layout are applicable within [the range of) 
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the spirit of the present invention. 
[0059] 

To sum up the present invention, the image display apparatus has 

a display unit 50 composed of plural pixels 10 and a control unit 20 for 

5 controlling the display unit 50. In addition, this image display apparatus 

hasj^DA converter (low power consumption DA converter 6 and highly 

accurate DA converter 11) for converting the digital display data into an 

analog image signal. The DA converter is composed of (thejAfirst DA 

converter (low power consumption DA converter) and £he)^second DA 

10 converter (highly accurate DA converter 11). When these two DA 

converters £s) icompared f§ui) the point of y power consumption during 
A ' 

operation, the power consumption when the first DA converter is 
operated becomes smaller than the power consumption when said second 
DA converter is operated. Either the first DA converter or the second DA 
15 converter is operated according to an instructionj^control unit 20, and the 
converted analog image signal is output to display unit 50. The number 
of display pixels (independent display pixel) corresponding to mutually 

ik 

different digital display data is changed according to(an)/instruction from 
control unit 20, and the display according to an analog image signal is 
20 Reformed to^jdisplay unit 50. 
[0060] 

It becomes possible to provide ^image display apparatus which 
can (realize the^high-def inition display {and thejjlow power consumption^ 
[he same time! by separating the image to be displayed with high 
25 definition from jth^image^not (to be")required to^ display^ with^high 
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definition's described above. 




[0061] 

In a broad sense, jThS^image display apparatus which can display 
[the^imagefat th^low power consumption can be provided. 
5 [0062] 

Furthermore, gate line shift register 4^which controls the 
scanning of display unit 50, is connected to display unit 50, and control 
unit 20 outputs an instruction to gate line shift register 4. frhen|, the 
number of independent display pixels of display unit 50 is changed by 
10 gate line shift register 4. This control unit 50 gives the instruction to DA 
converter (6 or 11) and gate line shift register 4 according toyimode 
switch instruction 40. 
[0063] 

The mode switch instruction for switching the mode has two 

15 modes^oF^a first mode for performing {th^ conversion processing by the 

first DA converter and a second mode for performing conversion 

processing by the second DA converter. T^e pixels 10 of the display unit 

50 correspond to the regions enclosed by/plural gate lines 3 andiplural 

K 

signal lines 4^arranged to intersect the plural gate lines 3. Gate line shift 
20 register 4 controls at least two gate lines of plural gate lines at the same 
timing according to the instruction in the first mode, and the first DA 
converter can output one converted analog image signal to at least two 
signal lines. 
[0064] 

25 Furthermore, .two memories (frame memories 7 and 13) with 
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different capacity^ which corresponds to the first DA converter and the 
second DA converter^ respectively^ are arranged in the image display 
apparatus, l-tavw*^ 

[0065] — . 

-^ioreove^, it {Is^appreciated that other configurations can be u^dj 



in which display unit 50, memory 7 with ^ smaller capacity of^two 

memories, DA converter (6, 11), and gate line shift register 4 may be 

Akx 

formed on the same substrate, andjmeraory with smaller capacity may be 
formed with jThe^polysilicon 

It ^^appreciated that the configuration^ in which the memory with* 
smaller capacity corresponds to the first DA converter, and the memory 
with ^larger capacity corresponds to the second DA converted may b^ 
(usec|. 
15 [0067] 

The first DA converter 6 and the second DA converter 7 each 
convert the input signal into an analog image signal with^ different 
number o^Jbit, respective!^. 
[0068] 



CT^hefirst DA converter 6 and the second DA converter 7 each 
convert the input signal into an analog image signal with different 
maximum drive^frequencyt, respective!^. 
[0069] _____ 




^~The first DA converter 6 outputs an analog image signal with 



25 binary gradation. 
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[0070] 

The image display apparatus further has an illumination means 
(for example, a back light 17) for supplying light to the display unit, and 
the illumination means supplies light to the display unit 50 in 
5 second mode^. 
[0071] 

To sum up the present invention from another viewpoint, ^he 

A 

image display apparatus includes a display unit 50 composed of plural 

pixels, and a control unit 20 for controlling the display unit. The image 

10 display apparatus further includes a DA converter for converting digital 

display data into an analog image signal. The DA converter includes a 

first DA converter (low power consumption DA converter 6) and a 

second DA converter (high0 accuracy DA converter 11), and the first 

DA converter and the second DA converter each convert the input signal 

a 

15 into an analog image signal with^different number of bit|(respectiveQ. 
[0072] 

Either one of the first DA converter and the second DA converter 
converts digital data into an analog image signal in accordance with an 
instruction from the controller 20. 
20 [0073] 

^The control unit 20 gives an instruction to either one of said first 
DA converter and said second DA converter in accordance with the mode 
switch instruction. 
[0074] 

25 Two memories (frame memory 7 and 13) with different capacity 
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are provided so as to correspond to the first DA converter and the second 



10 



15 



20 



DA converter of the image display apparatus^respectively . 
[0075] 

-Display unit 50, DA converter (6, 11), and gate line shift register 
4 fisharranged on the same substrate, and display unit 50 is rectangular, 
and the first DA corr|erter and the second DA converter {rearranged in 
the top and bottom ofjdisplay unit. 
[0076] 

^The memory with small capacity of the above-mentioned two 
memories is arranged on the substrate, and the memory with small 
capacity can be formed with(the^polysilicon. 

Mode switch instruction 40 (has the))first mode^ in which the 
conversion processing is performed by the first DA converter, and Qie)^N 
second modeyn which the conversion processing is performed by the 
second DA converter. The memory with small capacity corresponds to 
the first DA converter, and the memory with large capacity corresponds 
to the second DA converter. 
[0078] 

The display unit 50 changes the number of the independent 
display pixels of the display unit according to the instruction from the 
control unit 20, and displays^according to the analog image signal. 
[0079] 
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-The first DA converter outputs an analog image signal with 
binary gradation. 
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[0080] 

The image display apparatus has an illumination means (back 
light 17) for supplying light to the display unit 50. The illumination 
means supplies light to the display unit 50 in the second mode. 
5 [0081] 

To sum up the present invention from another viewpoint, the 
image display apparatus has a display unit 50 composed of plural pixels, 
and a control unit 20 for controlling the display unit. The image display 
apparatus further has DA converters (low power consumption DA 

JO converter 6 and highjf^ accuracy DA converter 11) for converting digital 
display data into an analog image signal. The DA converters include^ a 
first DA converter (low power consumption DA converter 6) and a 
second DA converter (highly accuracy DA converter 11). The first DA 
converter and the second DA converter each convert the input signal into 

15 an analog image signal withj^different frame frequency£respectiveljyj. 
[0082] 

Either one of the first DA converter and the second DA converter 
converts digital data into an analog image signal in accordance with an 
instruction from the controller 20. The control unit 20 gives an 
20 instruction to either one of said first DA converter and said second DA 
converter in accordance with the mode switch instruction. 
[0083] 



-The first DA converter outputs an analog image signal with 
binary gradation. 
25 [0084] 
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The image display apparatus according to the present invention 
further includes an illumination means (back light 17) for supplying 
light to the display unit 50. The illumination means supplies light to the 
display unit 50 in the second mode. 
5 (Second embodiment) 

Hereafter, (the^second embodiment in the present invention will be 
explained with reference to FIGs. 13-15 
[0085] 

VBecause the main configuration and the operation of the 
10 polysilicon TFT liquid crystal display panel according to the second 
embodiment are similar to that of the first embodiment, (th^explanation a 
k[Ts omitted). The, difference between the first embodiment and this 
embodiment [ls|j\the configuration and the operation of the frame memory 
used in the low power consumption display mode. Ihis Jis^described 
15 hereinafter. 
[0086] 

FIG. 13 shows the configuration of frame memory 7 used in the 

(3 

low power consumption disnlay mode of this embodiment. FIG.fi 

corresponds to FIG. 2 (Hlustratingj/|he first embodiment. Word line 112 

20 and latch line 113 are connected in a line direction to SRAM memory 

cells 111 j,arranged|{like) thejmatrix. One end of word line 112 and latch 
\ 

line 113 is connected to word line shift register 24 or Y decoder 23, 
through line drive switch 120, buffer 119, and line selection switch 121. 
Moreover, memory cell 111 is connected to data line 114 in a column 
25 direction. 
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ft^Data line 114 has two lines, and data line Vdd reset switch 118 or data 
line Vss reset switch 117 has been provided in respective lines. In 
addition, data line short-circuit switch 116 is provided between the two 
lines. Here, Vdd is set to 5V, and Vss is set to OV. Data input switch 30 
5 has been provided in one end of data line 114. The other end of data 
input switch 30 is connected to data input line 32. Moreover, data input 
switch 30 is composed so as to be selected by X decoder 31. Data input 

buffer 33v which operates[by)jthe writing signal (W in Figure)tand data 

— output buffer 34^which operates[b^the reading signal (R in Figure). are 
10 connected to^botH^ends of data input line 3^respectivel^. On the other 
hand^one bit memory composed of data line latch 035^which operates^y^ 
the latch signal (LI in Figure), inverter 36, and data line latch ^37^which 
operates (bjfythe inverse latch signal (LI bar in Figure^is arranged on the 
other end of data line 114. 
15 [0087] 

FIG. 14 shows the circuit structure of SRAM memory cell 111. 
The main body of the memory cell is a flip-flop composed of p-channel 
polysilicon TFTI125,126 and n-channel polysilicon TFT127,128. Latch 
switch 129 controlled in latch line 113 has been inserted in the middle of A 

20 the flip-flop circuit. This circuit is connected to data line 114 through 
word line switch 130|^controlled by word line 112. The high voltage side 
of the flip-flop is driven by high voltage power wire 57 to which 
Vdd=5V is applied, and the low voltage side is driven by low voltage 
power wire 58 to which Vss=0V is applied. 

25 [0088] 
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Next, the operation of the frame memory used in the low power 
consumption display mode in this embodiment |js^ explained with 
reference to (Fig. 15^)Fig£.15 (a) and^(b) j,are (the) timing chart^[To which) 
the reading operation of data from memory cell 111 and the writing 
5 operation of data to memory cell 111, respectively. The upperfpart showsj^ 
the high voltage output ^jiat is, ^on-state, and the lower^[side showsjthe 
low voltage output, that is^off-state. 
[0089] 

First of all, in reading, data line Vdd reset switch 118 and data 

10 line Vss reset switch 117 precharge data line 114 to high voltage (5V) 
and low voltage (0V), respectively. Then, it is reset, and data line 
short-circuit switch 116 is short-circuited between data lines 114 
precharged to high voltage (5V) and low voltage (0V). Data line 114 is 
reset in the middle value of the low voltage level and the high voltage as 

15 shown (Tn Figure). Next, whenfword line 112j^selected by word line shift 
register 24 is turned on through line selection switch 121, buffer 119, 
and line drive switch 120, the data stored in the selected memory cell 
111 is read to data line 114 as a signal voltage. Then, the data stored in 
memory cell 111 is read toj^one bit memory composed of data line latch 

20 ^35, inverter 36, and data line latch [J>37 by turning on/turning off data 
line latch |35 and data line latch Q36. At this time, latch switches 129 of 
all memory cells lll^alwaysy(becomes) an on-state through all latch lines 
113 by buffer 119 and line drive switch 120. 

The case where the content of the memory cell is read to bus 18^/ 

25 will be explained. At this time, it is similar to the case where data is 
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read to^one bit memory, (excludingjjthat word line 112 selected by Y 
decoder 23 is turned on through line selection switch 121, buffer 119, 
and line drive switch 120, and that the data of the address selected by X 
decoder 31, among the data read to data line 114, is output through data 
5 input switch 30, data input line 32, and data output buffer 34. 
[0090] 

Next, also in writing, data line Vdd reset switch 118 and data line 
Vss reset switch 117 precharge data line 114 to high voltage (5V) and 
low voltage (0V), respectively. Then, it is reset, j^data lines 114 

10 precharged to high voltage (5V) and low voltage (0V) are short-circuited 
by data line short-circuit switch 116. Therefore, data line 114 is reset to 
the middle value of the low voltage level and the high voltage level as 
shown (in Figure). Next, S&lien word line 112 selected by Y decoder 23 is 
turned on through line selection switch 121, buffer 119, and line drive 

15 switch 120, the data stored in the selected memory cell 111 is read to 

data line 114 as a signal voltage. These operations([sVsimilar tofthat^of 

Q> * 
reading. In the writing operation, latch switch 129 of selected memory 

cell 111 is turned off when latch line 113 selected here with Y decoder 

23 is turned off, and the flipflop function of memory cell 111 is stopped. 

20 When data input switch 30 selected by X decoder 31 is turned on, the 
input data input to data input line 32 from data input buffer 33 is input 
to the selected data line 114. As a result, the |input) data input to data 
line 114 is stored in memory cell 111 selected by Y decoder 23 and X 
decoder 31. At this time, it is clear that the data of memory cell 111 not 

25 selected by X decoder 31^never changed by the above-mentioned writing 
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operation. Then, latch line 113 turns on latch switch 129, the flipflop of 

memory cell 111 begins to operate, and the selected word line 112 turns 

off. As a result, a series of writing operations completed. 

A 

[0091] 

5 According to the present embodiment, it becomes possible always 

to carry out [ThS^stable writing operation even if there is (the^ariation in 
an individual characteristic of ^polysilicon TFT which composes the 
flip-flop, because the flip-flop circuit is stopped at the time of writing 
(operation^to memory cell 111. As a result, the yield of frame memory 7 
10 is improved. 

(Third embodiment) 

Hereinafter, a third embodiment according to the present 
invention will be explained with reference to Figs. 16 and 17. 



[0092] 



15 ^Because the main configuration and the operation of the 

polysilicon TFT liquid crystal display apparatus according to the third 
embodiment are the same as that of the first embodiment, (thd^explanation a 
^Qjs omitte^. The difference between the first embodiment and this 
embodiment ([s}|in the configuration which uses a front light in place of 
20 back light 17 and the configuration of the display pixel. The 
configuration of the display pixel in this embodiment (ls)^explained 
hereinafter. 
[ 0093] 

Fig. 16 is a schematic diagram of the layout of^dH^ 135 
25 in the third embodiment, and corresponds to Fig. 8 (showing^the first 
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embodiment. The difference of this embodiment compared with the first 
embodiment is to^have^further provide^ reflecting electrode 139 on metal 
electrode 138 and contact hole 137 for connecting the reflecting 
electrode 139 and the metal electrode 138. In addition, Fig. 17 shows a 
5 sectional view taken along the line A-A' in Fig. 16. The voltage of an 
analog image signal is applied to reflecting electrode 139 through 
contact hole 137. That is, reflecting electrode 139 acts as a reflecting 
plate to the front light, [anclpn electrode which (composes^the capacity of 
the liquid crystal in the display pixel. 
10 [0094] 



X 



In this embodiment, there is an advantage that the numerical 
aperture when illuminating and reflecting can jkeepj^about 90% because 
the front light is used for the illumination to the liquid crystal display. 
Therefore, the brightness and the contrast of the panel when illuminating 
15 and reflecting can be improved. 
(Fourth embodiment) 

Hereafter, a fourth embodi 
explained with reference to FIG. 18. 
[0095] 



liment (In^lhe present invention Qs)*-^ 0 ^^ 



20 ^Because the main configuration and the operation of this 

^^^^emb^jment are the same as that of the first embodiment, ^h^explanation^ 
^(Ts omitte3|. The difference of this embodiment compared with the first 



embodiment [Is)^the configuration of low power consumption DA 



converter 6. This configuration jis^described. 
25 [0096] 
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Fig. 18 shows the circuit structure of the base unit in the 
polysilicon TFT liquid crystal display apparatus according to the fourth 
embodiment [the fourth embodiment in^the present invention, in which 
the base unit corresponds to one column of low power consumption DA 
5 converter 6. The data output from the frame memory 7 is input to 
inverter 141, 142, and inverter 143/^every bit, and the output of both is 
connected to analog signal line 66 through field-jswitcli switch 14^ Fieldj^t^^^ 
^switch switch 144jis controlled by the field signal. 
[0097] 

10 This low power consumption DA converter 6 operates as a DA 

converter of the buffer or one bit. The data output from the frame 
memory 7 shows the display data by one bit. On the other hand, inverter 
141,142 and inverter 143 perform the buffer processing from one bit to 
power supply voltages of 0V or 5V, and apply their output to analog 

15 signal line 66. In this embodiment, a common electrode of the liquid 
crystal is driven to the alternating current of 0/5V between fields. At this 
time, the output applied to analog signal line 66 must be reversed^for 
instanceyn the same black like 5/OV between the fields. 

For tnay field-switching switch 144 reverses the output voltage applied 
20 to analog signal line 66 between fields by selecting the output of inverter 
141,142 or inverter 143. 
[0098] , jj 

In this embodiment, it is possible to ^decrease [furtheri the power 
consumption of the DA converter and the^ occupation (area^ of frame 



25 memory 7 by having limited the analog image signal input to each 
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A/A 



display pixel [at^the low power consumption display mode to one bit (two 
gradation = eight colors). 
(Fifth embodiment) 

Hereafter, a fifth embodiment [in)[( the present invention 
explained with reference to FIG. 
[0099] 

?ig. 19^ shows the configuration of the polysilicon TFT liquid 
crystal display apparatus|according to the fifth embodiment 
[0100] 



10 ^Because the main configuration and the operation of this 

embodiment are the same as that of the first embodiment, [the^explanation ^ 
j£s omittedj. The difference of this embodiment compared with the first 
embodiment is that highly accurate DA converter 146 and line memory 
147 are composed on a single crystal Si substrate 148 as a LSI. The 
15 circuit structure and the operation of highly accurate DA converter 146 
and line memory 147 are the same as the first embodiment. 
[0101] 



In this embodiment, the area of^driving circuit used in the 
high-definition display mode is reduced by forming highly accurate DA 
20 converter 146 and line memory 147 as a LSI onflsingle crystal Si 
substrate 148, and mounting^on a glass substrate 
^^ecause the shrinkage to the heat process etc. in/ single crystal Si 
substrate 148 compared with glass substrate 19 is remarkably reduced, 
the suiting accuracy at the process can be excellent, and the area of the 
25 circuit made by a minute processing can be decreased. 
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[0102] 

It is also possible to appropriate the parts which are developed in 
general as a driver LSI for a-Si TFT, and mass-producefl/\as they are as a 
LSI provided on the above-mentioned single crystal Si substrate 148. 
5 Moreover, it is also possible to use a highly accurate driver LSI which 
(installs the|DA converter of eight bits. 
(Sixth embodiment) 

Hereafter, a sixth embodiment [inj^the present invention [isj A 
explained with reference to FIG. 20QjoJ^A 
10 [0103] 

^Fijg. 20} shows the configuration of the polysilicon TFT liquid 
crystal display apparatus Recording to the sixth embodiment]. 



[0104] 



^-Because the main configuration and the operation of this 
15 embodiment are the same as that of the fifth embodiment, [fhetodetailed 
explanation^ omitted). The difference of this embodiment compared with 
the fifth embodiment is to connect the output of highly accurate DA 
converter 146 provided in^single crystal Si substrate 148 to signal line 5 
through signal line selection switch 150 without connecting it directly to 
20 the signal line. 
[0105] 

Signal line selection switch 150 is provided on glass substrate 19 
by using the polysilicon TFT circuit, and has the role of distributing the 
analog image signal input from highly accurate DA converter 146 to 
25 plural signal lines 5 one by one in one horizontal display period. 
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[0106] 

In this embodiment, it is possible to decrease the number of 
wiring nodes tojglass substrate 19 of/single crystal Si substrate 148 by 
providing signal line selection switch 150. 



5 ^^Because signal line selection switch lSOfhas^select®^ two signal lines in 
this embodiment, the number of above-mentioned wiring nodes isjhalvesj^ 



compared with that of the fifth embodiment 




10 



is clear that the number of above-mentioned wiring nodes becomes 

about 1/n of the number of the signal lines if the number of signal lines 

A 

selected by selection switch 150 is n (n is a natural number below the 
number of the signal line). 
(Seventh embodiment) 

Hereafter, a seventh embodiment [in)^ the present invention^ 
explained with reference to FIG. 
15 [0107] 

-[Fig. 2l} shows the configuration of the polysilicon TFT liquid 
crystal display apparatus (according to the seventh embodimenj. 
[0108] 

-Because the main configuration and the operation of this 
20 embodiment are the same as that of the first embodiment, a detailed 
explanation*^ omitted}. The structural difference of this embodiment 
compared with the first embodiment is to use frame memory 151. which 



25 



uses a DRAMjin place of frame memory 7jwhich uses a SRAM. 
[0109] 

Although the operation of this embodiment is also basically 
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similar to the first embodiment, the DRAM cell in frame memory 151 is 
refreshed at the same time when the display data of 60 display pixel per 
one second from frame memory 151 display is written. 
[0110] 

5 The size of glass substrate 19 can be made smaller by simplifying 

the area of the cell of frame memory 151 by using the DRAM cell as a 
frame memory in this embodiment, jancf^reducing the area of the frame 
memory. 
[0111] 

10 ^-It is also clear that the configuration in which frame memory 13 

is a SRAM besides this can be adopted though frame memory 7 is 
especially assumed to be a DRAM configuration in this embodiment. 

(Eighth embodiment) ( AJ Jti ^ 

(Fhi^eighth embodiment of the present invention(ls^explained with 
15 reference to FIG. 22{hereafterTj ^ \*J~*K 
[0112] 

<ig. 22)shows the configuration of image display terminal 163 
according to the eighth embodiment. 
[0113] 

20 The compressed image data/yinput£l from the outside to wireless 

interface (I/F) circuit 161 asja^radio data based on the bluetooth standard, 
and the output of wireless I/F circuit 161 is connected to bus 18 through 
I/O circuit 16. In addition, CPU15, TCON14, and frame memory 13, etc. 
are connected to bus 18. Further, the output of TCON14 is input to 

25 polysilicon TFT liquid crystal display apparatus 164, which has frame 



44 



memory 7, low power consumption DA|f converter 6, gate line shift 
register 4, display pixel matrix 160, highly accurate DA converter 11, 
and line memory 12. In addition, power supply 162 and back light 17 are 
provided in/image display terminal 163. Back light 17 is controlled byikf 
5 I/O circuit 16. Because the internal configuration and the operation of&h( 
polysilicon TFT liquid crystal display apparatus 164 is the same as the 
first embodiment, [the^detailed description^ omitted^ 

101141 

The operation of the eighth embodimentQs^xplained hereinafter. 

10 First, I/F circuit 161 fetches the compressed image data from the outside/ 
and transmits this image data to CPU15 and frame memory 13 through 
I/O circuit 16. CPU15 receives the operation from the user/ and drives 
image display terminal 163 or performjP& the decoding processing of the 
— compressed image data^ if necessary. The image data decoded is 

15 temporarily accumulated in frame memory 13. When a high-definition 
display mode is selected, the image data is input from frame memory 13 
to polysilicon TFT liquid crystal display panel 164 through TCON 14, 
and display pixel matrix 160 displays the input image in the^rame 
memory one by one^every one line according to the instruction ofjCPU 

20 15. At this time, TCON14 outputs a fixed timing pulse necessary to 
display the image at the same time.^Qt is described |1n)jthe first 
embodiment^at) polysilicon TFT liquid crystal display apparatus 164 
displays the image in display pixel array 160 by using these signals. At 
this time, I/O circuit 16 lights back light 17^if necessary. The secondary 

25 cell for supplying the electric power to the entire device is included in 
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power supply 162 here. 
[0115] 

Next, the power supply in the predetermined circuit parts^such as 
frame memory 13, line memories 12, and highly accurate DA converter^ 
5 llys intercepted and the power consumption is reduced, after sending 
fixed image data from frame memory 13 to frame memory 7 through 
TCON 14 according to the instruction of CPU 15 when the low power 
consumption display mode is selected, [it is)fdescribed Qn)jthe first 
embodiment^that)polysilicon TFT liquid crystal display panel 164 usesthe 
10 digital display data written in frame memory 7 at this time^ and [the) 
displays the image in display pixel matrix 160. At this time, I/O circuit 
16 turns off back light 17 as a rule. Moreover, the amount of the fixed 
data is reduced according to an instruction from CPU 15 when the image 
_ data is transfered from the frame memory 13 to frame memory ^because 
15 the memory capacity of frame memory 7 is remarkably small compared 
with^frame memory 13. 
[0116] 

According to the eighth embodiment, it is possible to provide an 
image display terminal in which a high-quality image display and (the} 
20 low power consumption are obtained at the same time based on the 
compressed image data, 

(Ninth embodiment) ^jjtfCf 

[fhe)|jiinth embodiment (injjjhe present invention {Is^explained with 
reference to FIG. 
25 [0117] 
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24jshows the pixel configuration of the image display unit 
according to the ninth embodiment. 
[0118] 

Because the main configuration and the operation of this 

<\ 

5 embodiment are the same as that of the first embodiment, (the)/detailed 

explanation's omitted). The structural difference of this embodiment 

compared with the first embodiment is thaUelectroluminescence effect 

(feereafter/ referred to as EL) display cell is used in place of the liquid 
A 

crystal display celkas a configuration of pixel 170. Display pixel 170 
10 hasjth^pixel capacity 174 and pixel switch 2. The gate of pixel switch 2 
is connected to gat<^£nie 3, and one end of pixel switch 2 is connected to 
signal line 5. ^These)pconfiguration is similar to that of pixel 10 in the 
first embodiment. However, in this embodiment, pixel switch 2 and the 
pixel capacity 174 are £npuT^jto the gate of current drive TFT173 as it is 
15 and the drain side of current drive TFT173 is connected to fixed voltage 
line 171^where fixed voltage Vd was applied through EL diode 172. 

[o1191 ^ 

The operation of the pixel part of this embodiment (Is^explained. 
The analog signal voltage applied to signal line 5 is written in pixel 

20 capacity 174 through pixel switch 2 when gate line 3 is selected and 
turned on. In the same operation as that of the first embodiment, the 
analog signal voltage written is maintained in the pixel capacity 174 
after pixel switch 2 becomes off-state again by gate line 3. However, the 
driving current corresponding to the value of the above-mentioned 

25 analog signal voltage flows to EL diode 172 in this embodiment because 
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the above-mentioned analog signal voltage is input to the gate of current 

drive TFT 173. And^ because by this drive current, EL diode 172 emits 

light with the brightness which corresponds to the above-mentioned 
analog signal voltage, this embodiment can (do thejiglow spontaneously 
>: 5 jdisplay accordingjjto the analog signal voltage applied to signal line 5. 
[0120] 

According to this embodiment, a high-quality image display and 
(the^low power consumption in the driving circuit of the signal line 5 are 
obtained at the same time^as well asjother embodiments. 
10 [0121] 

It is needless to say that the liquid crystal layer and the back 
light described Qn)jthe first embodiment are unnecessary^ because this 
embodiment is a |glow) spontaneous^ type^display unit, and there^is^io 
necessity to drive the analog signal voltage input to the pixel Jat anjjAC 
15 because^th^liquid crystal isjijnot possessed]. 



